We present results of a cross-calibration study between the Fermi Gamma-Ray Burst Monitor (GBM) and the INTEGRAL Soft Gamma-Ray Imager ISGRI. For the study, the spectral analysis of a sample of 4 Gamma-Ray Bursts (GRBs) simultaneously observed by both instruments were taken into consideration. Spectral models were fit separately for GRB081226B, GRB090107B, GRB090625B and GRB090704 using data sets from both instruments. A joint spectral model was then fit to the data to calculate the normalisation factor between the spectral models. With the overlap in lifetimes of the Fermi and INTEGRAL satellites and given that the detection rate for a common burst is ∼ 1 every 4 months, more bursts will be added to the sample in future years 8th INTEGRAL Workshop "The Restless Gamma-ray Universe"-INTEGRAL 2010, 
Objectives
The INTErnational Gamma-Ray Astrophysics Laboratory (INTEGRAL) has been in operation since 2002 [1] and the imager ISGRI [2] is well calibrated [3] . Fermi Gamma-Ray Burst Monitor (GBM) [4] has been in operation since 2008 and has detected over 500 GRBs to date. After initial ground calibrations [5] , GBM has been cross-calibrated [6] , [7] with Swift BAT [8] and with INTEGRAL SPI [9] by means of simultaneously observed GRBs.
The cross-calibrations of Fermi with other satellites during the mission phase are necessary to either i) ensure consistency between the current calibration and ground calibration or ii) apply a modification to the pre-launch ground calibration efforts. The change in environment, temperature, pressure and the stress of the launch can alter the ground calibration of the satellite. The GBM detector response can potentially be modified if necessary by comparing GRB spectral parameters with a well calibrated instrument.
The objective of this study was to carry out a cross calibration between Fermi GBM and INTEGRAL ISGRI by analysing bursts common to both instruments. ISGRI has been in operation from 2002 and has been calibrated numerous times in its lifetime. Over the energy range 8keV -1 MeV ISGRI can detect ∼10 times lower peak flux (ph s −1 cm −2 ) than GBM, thus ISGRI has a greater spectral sensitivity over this range compared with GBM.
To compare the 2 instruments, the spectral parameters are fit separately for each instrument, to determine differences in spectral parameters over the individual energy ranges of the instruments. By fitting the two detectors in a joint fit, the difference in flux measured by each instrument could be measured via a calibration constant.
Instrumentation
The Fermi Gamma-ray Space Telescope is an astronomical satellite for observing the gammaray sky, with one of the objectives to observe and study gamma-ray transients, specifically GammaRay Bursts (GRBs). It has an energy range spanning several decades (∼8 keV -∼ 300 GeV) using 2 instruments -the Large Area Telescope (LAT) [10] operating between ∼ 20 MeV -∼ 300 GeV and the Gamma-Ray Burst Monitor (GBM) operating between 8 keV -30 MeV.
GBM further consists of two types of detectors -12 Sodium Iodine (NaI) scintillating crystals operating between 8 -1000 keV and 2 BGO scintillating crystals operating between 0.15 -30 MeV. The field of view of GBM is the entire unocculted (by the Earth) sky, ∼ 8 steradians.
INTEGRAL was designed for a nominal lifetime of 5 years and in 2009 it was decided to extend the mission at least up to the end of 2012. The INTEGRAL satellite contains two gammaray observing instruments -a spectrometer SPI and an imager IBIS. For the purpose of this crosscalibration the ISGRI detector on IBIS was used as it operates in the energy range 8keV -1MeV.
The ISGRI dectector operates by use of a coded mask comprising of a tungsten shield and CdTe detection pixels. ISGRI has a fully coded field of view of 9 • x 9 • with an angular resolution of 12'. The effective area of ISGRI falls off rapidly ∼ before 20 keV and after 200keV. ISGRI is spectrally, more sensitive than GBM but as its effective area drops rapidly outside this range meaning it is only efficient in the 20 -200 keV range.
From July 2008 to November 2010 GBM has detected nearly 600 GRBs at a rate of ∼ 21 per month with ISGRI detecting 25 in this time frame at a rate of just under 1 / month. There have been 8 bursts common to both instruments between July 2008 to November 2010 and they represent the complete set of Fermi GBM and INTEGRAL ISGRI GRBs. From analysing the data this leads to a prediction of ∼ 1 GRB every 4 months detected by both instruments. Table 1 shows the four bursts that were studied in detail for this cross calibration effort -GRB081226B ( [11] , [12] , [13] ), GRB090107B ( [14] , [15] , [16] , [17] ), GRB090625B ( [18] , [19] , [20] ) and GRB090704 ( [21] , [22] ). Out of the 4 bursts studied, 3 are long and one burst, GRB081226B, is short.This can be seen in Figure 1 in which the light curves measured by ISGRI and GBM can be compared. The location of each burst was taken from the best ISGRI / XRT localisation. 
Comparison of Data
The software used to analyse the data were: Off-line Scientific Analysis (OSA) 5 & 7 for reduction of ISGRI data (OSA 5 was used to analyse the short burst GRB081226B), RMFIT [23] for reduction of GBM data and XSPEC [24] for spectral analysis and final comparison. To ensure that different data sets were comparable and for the accuracy of the cross calibration four factors were taken into account when comparing the data -temporal binning, time intervals, energy ranges and energy binning.
As GBM is comprised of 14 separate detectors, the selection of detectors is important for the analysis of the data. A tool was used to detect blockages between the GRB line of sight and individual detectors to ensure that absorption of gamma-rays passing through the satellite were accounted for in the analysis. As a general rule, detectors were selected that had a source angle of < 60 • .
Once the data were prepared it were analysed in XSPEC11. Two models were selected for this analysis, a simple power law (PL) and a high energy exponential cut off PL (COPL). A Band model [25] was also used to fit the joint data sets as a check if there was any impovement using this model over a COPL. There was no significant improvement in the statistics to justify the addition of an extra model parameter. The goodness of fit of the spectral models of the data was determined using χ 2 statistics.
The PL and COPL model were multiplied by a normalisation constant. The similar parameters for each data set were tied with the exception of the constant. By doing this the ratio of the normalisation factors can be calculated. For the GBM data this was set to 1 and for the ISGRI data set this was allowed to vary. Using this method, both data sets were fit with the same model with the same parameters in each apart from the constant. 
Results
The joint instrument fit results are presented in Table 2 . Best fit results from modelling the burst spectra with a simple PL and a COPL. 90% uncertainties are shown for results.
The normalisation constant between ISGRI and GBM, with GBM being set to 1, varies by ∼ 10%. This shows a broad agreement between the two instruments. GRB081226B does not fit the general trend of the data and this may be due to poor statistics which can be inferred from the large uncertainty on the normalisation constant. Fermi was proposed to have a mission lifetime of 5 years starting in 2008 and finishing in 2013, with a goal of 10 years of operations. INTEGRAL has its mission lifetime extended until the end of 2014, which, given the mean rate of common GRBs at 1 ∼ every 4 months, provides sufficient mission overlap time for more simultaneously observable bursts to occur. These GRBs can be added to the sample of bursts and by using a larger sample the objectives of this study can be achieved in greater detail.
